Restoration of cholinergic circuitry in the hippocampus by foetal grafts.
The pathway from medial septum to hippocampus is one of the major and most well-documented cholinergic connections in the rodent brain. Interruption of this pathway by either direct destruction of the cells of origin in the medial septum or by transection of the fimbria-fornix, the fibre tract along which the septohippocampal axons traverse, results in a virtually complete depletion of cholinergic markers within the hippocampal formation. Previous experiments have shown that grafts of foetal rat septal-diagonal band region placed into the denervated hippocampus can restore acetylcholinesterase (AChE) fibre density to 85-90% of control values (Björklund et al., Acta physiol. scand. Suppl. 522 (1983) 49-58). More recently, it has been demonstrated using the more specific technique of choline acetyltransferase (ChAT) immunocytochemistry in combination with electron microscopy that septal grafts are also able to restore the cholinergic connectivity at the synaptic level in the dorsal hippocampal formation. However, we have demonstrated that this restoration of both AChE and ChAT fibre density represents a specific mechanism and that the source of the foetal cholinergic neurons is crucial to the extent of reinnervation and pattern of connectivity achieved. In aged rats, judged as being behaviourally impaired with respect to their spatial memory, there appears to be an intrinsic denervation of the septohippocampal pathway such that the hippocampus is depleted of cholinergic markers. In these cases, transplantation can again restore cholinergic innervation but without the requirement of prior denervation by a fimbria-fornix transection--grafts are placed into the intact hippocampus. Results show that the grafts survive well in the aged, intact hippocampus and are able to ameliorate the behavioural impairments, perhaps by the formation of substantial numbers of cholinergic synapses between the graft and host brain. In conclusion, therefore, neural grafting of cholinergic neurons of appropriate type and origin is able to reinnervate the hippocampal formation previously denervated either by mechanical transection of the fimbria-fornix or as a result of an age-dependent deterioration.